1. The effect of concentration on the oxidation and incorporation into lipids of lauric acid and linoleic acid by rings of rat small intestine has been studied in vitro. 2. In the absence of glucose, the oxidation of lauric acid in the range 0 01-5-0mm showed a maximum at 0-1 mm. In the presence of glucose the maximum was at 0-5 mm. The oxidation of linoleic acid in the presence of glucose increased throughout the concentration range 0 01-50mm. 3. The incorporation of lauric acid into lipids was maximal at 0-5-0-6mM in the presence of glucose, but at 10mM in the absence of glucose. At 0-8nmm-lauric acid, in the presence of glucose, over 75% of the incorporated lauric acid was in triglycerides, but at 10mM they only contained 30%. The incorporation of glucose carbon into glycerides paralleled the incorporation of lauric acid. 4. In the range 0 01-2 5mM-linoleic acid the quantity incorporated into lipids increased. In the range 0 01-0 4mm linoleic acid was incorporated predominantly into triglycerides, but between 0 4 and 10mnm most was in diglycerides, and between 2-5 and 5O0mm most was in monoglycerides. 5. The relationship of fatty acid concentration to the mechanism of absorption is discussed, together with the correlation between the distribution of the absorbed fatty acids within the tissue lipids and the lipase activity of intestinal mucosa.
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The absorption and metabolism of fatty acids by preparations of intestine in vitro has been studied by several workers (Johnston, 1958; Johnston & Bearden, 1960; Tidwell & Johnston, 1960 , 1961 Krondl, Skala, Michalec, Andrysek & HromAdkova, 1963) . In these studies the albumin complex of the fatty acids was used as the substrate. However, the albumin complex is not a substrate for intestinal absorption in vivo. Moreover, calculations based on the results of Borgstrom, Tryding & West66 (1957) showed that in man the fatty acid concentration in the small intestine reached very high levels after a balanced meal. The metabolism of lauric acid and linoleic acid by rings of rat intestine has therefore been investigated in the absence of albumin, and over a wide concentration range, including those concentrations that have been shown to inhibit respiration (Enser, 1964 (Enser 328 & Bartley, 1962) . Glycerol was determined by the method of Hanahan & Olley (1958) . Respiration was measured by following the 02 uptake by standard manometric techniques at 370 in an atmosphere of 02-Tissue preparations. Rings of small intestine were prepared by the method of Enser (1964) . A tissue wet wt. of 300-500mg. (10-30 rings) was used/manometer vessel.
Tissue was incubated in a phosphate-buffered saline medium (Krebs, 1933) , gassed with 02, at pH6-8. Calcium and magnesium salts were omitted.
Determination of radioactivity. The methods of Enser (1964) were used. 14CO2 was plated as BaCO3 by using carrier Na2CO3 (Sakami, 1955) . The plates were counted to 10000 counts, corrected for background and calculated for infinite thinness by using a calibration curve. Lipid samples were counted in a solution of 5-Oml. of sulphur-free toluene containing 12mg. of 2,5-diphenyloxazole in an Ekeo scintillation counter. They were counted to 5000 counts and corrected for background and quenching.
Extraction of lipids. The incubation medium and intestinal rings were freeze-dried after the addition of 0-8ml. of 10% (w/v) sucrose. The dry material was extracted with two 5 0ml. portions of chloroform-methanol (2: 1,v/v) and the lipid purified by the method of Folch, Lees & SloaneStanley (1957) , except that during the washing procedures the phases were mixed by shaking vigorously to ensure the removal of radioactive contaminants. The solution was finally evaporated to dryness at 600 under N2 and the lipid re-extracted into chloroform.
Removal of substrate fatty acids from lipid extracts. Lauric acid was removed by extracting the lower phase, remaining after the washing of the lipid extract, with three 4ml.
portions of 0-5% (w/v) K2CO3 in 50% (v/v) methanol and one portion of 50% (v/v) methanol to remove any remaining K2CO3. Linoleic acid was removed by the same extraction procedure, but with the lipid dissolved in hexane.
Separation of neutral-lipid classes. Neutral lipids were separated on a column (10mm. x 160mm.) of Florisil (about 7 g.). The Florisilwas prepared by placing 7 g. in a measuring cylinder and making the volume up to 30ml. with dry hexane; 0-2 ml. of water was then added, and, after the mixture had been shaken to break up the clumps, it was left to equilibrate overnight. The slurry was poured into the column, and settled by tapping the sides of the column. It was then washed with 20ml. of dry hexane, and the lipid was applied in hexane, warmed if necessary to keep it in solution. Carrier was added to the lipid extract, usually 5mg. each of cholesteryl stearate, glyceryl tristearate or tripalmitate, glyceryl dioleate, glyceryl monostearate and palmitic acid. The lipids were eluted with the system of Carroll (1961) . The identity of the lipid eluted in each fraction was confirmed by the use of pure lipids and by determination of the ester/glycerol ratio in fractions containing glycerides. All fractions were over 90% pure except for the cholesterol fraction, which contained varying quantities of triglycerides. Since no radioactivity could be detected in cholesterol, the radioactivity of this fraction was added to that of the triglycerides. All column runs were checked by determination of the natural esters present in the eluates. The recovery of lipids from the column was 95-105% by natural ester determination, and the recovery of 14C was 90-110%.
RESULTS
Oxidation of lauric acid by intestinal rings. Intestinal rings were incubated in phosphate-buffered saline medium, pH 6-8, containing lauric acid labelled with [1-14C]lauric acid in manometer vessels, and the radioactivity of the carbon dioxide produced was measured. The effect of concentration on the oxidation of lauric acid is shown in Table 1 . The production of 14CO2 increased by 57% as the lauric acid concentration was raised from 0-05 to 0 1 mm, but then decreased when the concentration was raised to 5-0mrm. In the presence of 5-0mm-glucose the oxidation of lauric acid at concentrations below 0-1 mrm was less than in the absence of glucose. At -0mM, however, the oxidation of lauric acid was stimulated and was 51% greater than in the absence of glucose. Between 0'5 and 5-0mM the oxidation gradually decreased and the stimulation by glucose was almost abolished at 5-0mM. Incorporation of lauric acid into lipids. The effect of 0-1-5-0mM-lauric acid on the incorporation of 14C from [1-14C]lauric acid into lipids of intestinal rings in the presence and absence of 5-0mM-glucose is shown in Table 1 . In the presence of glucose the incorporation increased 108-fold from O-Olmm-to 0-5mM-lauric acid, but fell by half at 1-OmM and increased again slightly at 5-Omm. In the absence of glucose there was a threefold increase in the incorporation between 0-05 and 0-5mM with a slight decrease at 1 -0mM, followed by a very sharp increase at 5-0mM, where there was little difference between the quantities incorporated. The neutral lipids were separated on a column ofFlorisil so that the distribution of the lauric acid could be determined. The effect of lauric acid concentration on its incorporation into triglycerides, diglycerides, monoglycerides and cholesteryl esters in the presence of 5-0mM-glucose is given in Table 1 . The pattern of incorporation into triglycerides followed the incorporation into total lipids at concentrations below 2-5mM, reaching a maximum at 0-6mM and then declining. However, there was no secondary increase at 5-0mM. The incorporation into the diglyceride fraction increased from 2-3 to 106mpmoles/500mg. wet wt.
of tissue/9Omin. as the concentration was raised from 0-01 to 0-6mM, but there was no further increase when the concentration was raised to 10-0 mm. The quantity of lauric acid incorporated into monoglycerides increased throughout the whole range, from 0-01 to 10-0mM, from 0-7 to 13-8m,umoles/ 500 mg. wet wt. of tissue/9Omin. The variability in the results was partly caused by the small quantity incorporated. The quantity of lauric acid incorporated into the cholesteryl ester fraction also increased continuously as the concentration was raised. The quantity incorporated at 10-OmM (91-3m,tmoles/500mg. wet wt. of tissue/9Omin.) was responsible for the increased incorporation above 2-5mM shown by the total lipid extract. At 0-6mM the distribution of lauric acid between the neutral lipids was: triglycerides, 90-8%; diglycerides, 6-9%; monoglycerides, 0-8%; cholesteryl esters, 1-5%. At 10-nmM, however, the distribution was: triglycerides, 38-6%; diglycerides, 28-5%; monoglycerides, 4-2%; cholesteryl esters, 28-7%.
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Since concentrations of lauric acid above 0-4mm inhibited the respiration of intestinal rings, a study of the time-course of incorporation of lauric acid into lipids was made to determine whether the decreased incorporation at high concentration was the result of continuous incorporation, or of a rapid initial incorporation possibly followed by degradation of the synthesized lipids. Table 2 gives the radioactivity from [1-14C]lauric acid incorporated into the total lipids of intestinal rings at different time-intervals during incubation with 0-4mM-and 2-5mm-lauric acid. After lOmin. for equilibration of the manometers the incorporation at 2-5mM was only 67% of that at 0-4mM. It increased slightly for the next lOmin. and then decreased until at 90min. it was only 55% of that at lOmin. The incorporation at 0-4mM increased by 45% during the first 10min. but there was little further incorporation during the next 80min.
Time-course of oxidation of lauric acid. ATP is necessary for the oxidation of fatty acids and the synthesis of glycerides. The cessation of the incorporation of lauric acid at 2-5mM into lipids after lOmin. might be expected from the inhibition of respiration by this concentration. However, at 0-4mM respiration was only slightly decreased although the incorporation of lauric acid into lipids had almost ceased after lOmin. The time-course of the oxidation of lauric acid was therefore studied to see whether it correlated with the incorporation into lipids. After lOmin. for equilibration of the manometers the quantity of lauric acid oxidized was very similar at both concentrations, but at 2-5mM it increased very slowly for 60min. and then ceased (Table 2) . At 0-4mM the oxidation of lauric acid continued rapidly and after 90min. over four times as much had been oxidized as at 2-5mM. This suggests that the apparent cessation of the incor-1965 330 Analysis of the different neutral lipids for radioactivity after lOmin. and 90min. incubation (Table  3) revealed that the loss of radioactivity incorporated at 2-5mm after lOmin. incubation was caused by loss of half of the activity of the triglyceride and cholesteryl ester fractions. At 0-4mM the quantity of lauric acid incorporated and its distribution between the neutral lipids were very similar after 10 and 90min. incubation.
Effect of lauric acid on the incorporation of glucose carbon into lipids. The incorporation of radioactive fatty acids into glycerides could occur by a lipasecatalysed exchange reaction or by synthesis. To demonstrate that synthesis was taking place under the conditions used in this study the incorporation of 14C from [U-14C]glucose into lipids was followed at different lauric acid concentrations. Table 4 shows that the incorporation of glucose carbon into lipids followed the pattern of lauric acid incorporation into triglycerides. As the lauric acid concentration was increased from 0-01 to 0-5mm the incorporation of label from glucose rose to a peak, and then fell when the lauric acid concentration reached I-Omm. After lhr. incubation in the presence of 0-5inm-lauric acid, 556m,umoles ofglycerol had been incorporated/500mg. wet wt. of tissue, assuming that all the label was in the glycerol moiety of the glycerides. This corresponds to the incorporation of 1-667,moles of fatty acid (calculated as triglycerides)/500mg./hr., and is in good agreement with the quantity of lauric acid incorporated.
The time-course of the incorporation of glucose into lipids was also similar to that of lauric acid 1-6 1-6 2-1 3-2 0-9 Table  5 . In spite of differences in solubility the effects of these three acids were similar. At 0-6mM only linoleic acid inhibited respiration, and in other experiments it was often found that no inhibition was caused by linoleic acid concentrations below 5-0 mm. The oxidation of linoleic acid measured by 14CO2 production from [1-14C] linoleic acid in the presence of 5-0mM-glucose increased as the concentration of linoleic acid was raised from 0-01 to 2-5mM (Table 6 ). There was no peak like that occurring in the oxidation of lauric acid.
Incorporation of linoleic acid into lipids. The effect of concentrations of linoleic acid in the range 0-01-5-0mM on its incorporation into lipids is shown in Table 6 . Concentrations from 0 01 to 0-8mM caused a linear increase in the incorporation into lipids. Increasing the concentration to 2-5mM brought about a smaller increase and raising it to 5-0mM had no further effect.
The quantities oflinoleic acid incorporated into the different neutral lipids are shown in Table 7 . The quantity of linoleic acid incorporated into triglycerides increased from 1-7 to 59 5 m,tmoles/500mg. wet wt. oftissue/hr. as the concentration was raised from 0-01 to 2-5 mm, but fell to 31-7 m,umoles/500 mg./hr. when the concentration was raised to 5-0 mm. Since the oxygen uptake in the presence of 5-OmM-linoleic acid was depressed by 14% below the control incubated without fatty acid, some inhibition of lipid synthesis might be expected. However, the total quantity oflinoleic acid incorporated into the neutral lipids was 2-1m,moles/500mg./hr. greater than at 2-5mM. The incorporation of linoleic acid into diglycerides increased with increasing linoleic acid concentration from 0-01 to 2-5mM, but no further increase occurred when the concentration was raised to 5O0mm. At concentrations between 0-01 and 0-4mM the quantity of linoleic acid incorporated into triglycerides exceeded that in diglycerides, but above 0-4mm more was incorporated into diglycerides. At 5-0mM three times as much had been incorporated into diglycerides compared with triglycerides: 103 comparedwith 31-7 m,moles/500mg. wet wt. of tissue/hr. The incorporation of linoleic acid into monoglycerides increased almost linearly as the linoleic acid concentration was raised from 0-01 to 5-0mM. At 0-4mM the quantity incorporated into monoglycerides (13.6 m,umoles/500mg. wet wt. of tissue/ hr.) was less than that in triglycerides (22.9m,-moles/500mg./hr.) and diglycerides (20-5m,tmoles/ 500mg./hr.) At 1-OmM, however, the quantity in monoglycerides (67-2m,uimoles/500mg./hr.) exceeded that in triglycerides (36.6m,umoles/500mg./ hr.), but not that in diglycerides (75-8m,umoles/ 500mg./hr.). At 2-5 and 5-0mM the monoglycerides fraction contained the greatest quantity.
The incorporation of linoleic acid into cholesteryl esters presented a different pattern from the incorporation into glycerides (Table 7) . The quantity incorporated increased from 0-5 to 19-1m,umoles/ 500 mg. wet wt. of tissue/hr. as the linoleic acid concentration was raised from 0-01 to 0-4mM. Further increase in the linoleic acid concentration resulted in a decreased incorporation, and at 5-0mM only 12-7mPmoles were incorporated/500mg. wet wt. of tissue/hr. Time-course of the metabolism of linoleic acid.
Intestinal rings were incubated without linoleic acid Table 7 . Effect of concentration on the incorporation of linoleic acid into neutral lipids Intestinal rings were incubated in phosphate-buffered saline, pH 6-8, containing [1-14C] (Dawson & Isselbacher, 1960b; Johnston & Borgstr6m, 1964) . If the extent of the metabolism of the fatty acids is taken as an index of the extent of entry of the fatty acids into the cells, the problem of adsorption is avoided. The increase in the oxidation and incorporation into lipids of lauric acid and linoleic acid as their concentration in the medium increased indicates that their rate of entry into the tissue depended on the concentration in the medium. The decrease in the metabolism of lauric acid at high concentrations is not contrary to this idea, since it is probable that the inhibition of metabolic processes by high concentrations of fatty acids depends on the accumulation of the fatty acids intracellularly. The incorporation of the fatty acids into glycerides can increase the time required for the accumulation of inhibitory concentrations, and this is presumably why glucose potentiates the oxidation of lauric acid at concentrations above 0-5mM, since it acts as a source of a-glycerophosphate for glyceride synthesis.
State in which fatty acids are absorbed. The state in which the fatty acids enter the tissue is not known.
The solubility oflauric acid in water at 370 is approx. 70,mg./ml. (Ralston & Hoerr, 1942) , which would
give a 0-35mM solution. Since at pH6-8 not more than 10% of the acid would be dissociated the apparent solubility is presumably increased by the formation ofmicelles or emulsions. Since the uptake of fatty acids at concentrations that exceed their solubility occurs faster than at lower concentrations, as indicated by their more rapid metabolism or inhibitory action, micelles or particulate fat must be absorbed. It is possible that the incomplete removal of bile salts during the washing of the intestine aids the formation of micelles. Emulsification of the linoleic acid apparently increases its uptake, since more was oxidized and the incorporation into glycerides decreased. Incorporation of fatty acids into glycerides. The incorporation of lauric acid and linoleic acid into the tissue lipids occurred mainly into the neutral-lipid fraction. Jedeikin & Weinhouse (1954) observed that most of the palmitic acid in their experiments was incorporated into phospholipids. However, their incubation was for 3 hr. and it is probable that the lipase activity observed in the present studies could have destroyed the neutral lipid by that time.
The distribution of lauric acid at concentrations below 1-OmM between the different neutral lipids was similar to the distribution of palmitic acid at 0-25mM found by Dawson & Isselbacher (1960b) and of oleic acid at 0-6mM found by Johnston & Borgstrom (1964) . The change in the distribution at 1 -m0rm-lauric acid and above was the result ofthe cessation of the incorporation early during the incubation followed by degradation of the synthesized triglyceride. The presence of a lipase in intestinal mucosa, which could cause the loss of incorporated fatty acid, has been described by Dawson & Isselbacher (1960a) and by Tidwell, Pope, Askins & McPherson (1963) . The absence of large accumulations of lower glycerides containing lauric acid may be due to the presence of aliesterases, which were found by DiNella, Meng & Park (1960) to be very active in hog mucosa on esters of short-and medium-chain fatty acids but not of long-chain fatty acids. The 334 M. ENSER 1965
